The study provides a morphometric analysis of the foramina located at the anterior mandible according to dental status. The (Folia Morphol 2016; 75, 2: 204-210) 
INTRODUCTION
A plethora of accessory foramina in various locations of the external and the inner surface of the mandible are described [27] , but are more frequently presented on the inner surface of the anterior mandible [4] . Foramina localised in the midline (area of the genial symphysis), superior, medial and inferior to the genial tubercles (GT) are called medial lingual foramina (MLF) [18] , while those situated laterally to them, are named lateral lingual foramina (LLF) and vary in number and location. The foramina situated at the alveolar part have been described separately as nutrient foramina [1, 3] . In the current study, the latter foramina are named medial and lateral alveolar foramina, as Przystańska and Bruska [24] mentioned. The meticulous knowledge of the distribution and content of the MLF and LLF is of crucial importance for dentists, oral and maxillofacial surgeons, when intervening in the anterior mandible for dental implants placement and genioplastic or grafting procedures.
The MLF may contain a branch of the sublingual artery or vein [22] or a branch of the submental artery or an anastomotic branch of both the sublingual arteries [6, 15, 17, 18, 21] . Moreover, branches of the mylohyoid [22] or the lingual nerve may pass through MLF [17, 27] . The MLF superior to the GT may contain branches of the lingual artery, vein and nerve and the MLF inferior to GT may give passage to branches of the mylohyoid nerve and submental and/or sublingual arteries [13] . Perforating branches, when present, emerge from a sublingual-sublingual anastomosis or a branch of the submental artery may pass through LLF [15, 21] . Nerve fibres for the supplementary innervation of the anterior mandibular teeth may also pass through LLF [7] .
Morphometry and shape of the foramina of the mandible are affected by the teeth existence or absence [2] . These alterations in mandible are the result of the alveolar process resorption that occurs after teeth loss. Various local (mechanical factors, chronic inflammatory periodontal disease and trauma) and systemic (nutritional, metabolic and hormonal) factors play a role in morphology of the mandible [2, 11] . The current study was designed to assess the topography and morphometry of the lingual foramina (LF) and distribution of the mandibular height in the midline in Greeks. A different evaluation of these parameters was conducted to dentate and edentulous mandibles. Moreover, clinical aspects related to the foramina presence and edentulism are also discussed.
MATERIALS AND METHODS
Ninety-seven Greek adult dry mandibles from the osseous collection of our Departments were investigated. Mandibles of children, mandibles damaged, and bones with pathological conditions were excluded. In adults, the main factor that affects the morphology of the mandible is the teeth presence or absence [11] . Considering this parameter, all mandibles were subdivided according to the dental status into dentate and edentulous mandibles. Seventy dentate mandibles with apparent alveolar process and teeth in the anterior area and 27 edentulous mandibles with a variable degree of atrophy of the alveolar process and no teeth in the anterior area were observed (Fig. 1) .
The inner surface between the midline and the distal border of the second premolars was examined on both sides for the foramina presence. The foramina were identified only if a flexible wire (diameter 0.2 mm) could be passed through them.
The exact location of GT was identified and using the tubercles as osseous landmark, the body of the mandible was subdivided in further areas for a detailed investigation of the presence, number and location of the LF. Foramina that were positioned superior, medial and inferior to GT are nominated as MLF, Area of the genial tubercles (GT) is named medial lingual area (bright part) and areas lateral to GT are the lateral right and left lingual areas (darker part). These regions were subdivided according to the alveolar process as alveolar medial and lateral lingual areas. The remaining mandibular area was further subdivided using GT as a landmark to superior to GT, medial to GT and inferior to GT areas.
while any other foramen localised laterally to these regions is reported as LLF. The upper border of the area superior to GT was considered as the inferior part of the alveolar process. Foramina that were located at the alveolar process are classified as alveolar MLF and LLF (Fig. 2) . Finally, the height of the mandible at the genial symphysis (distance from the alveolar crest -AC to the lowest point of the mandibular border -LBM) and the exact location of the MLF and LLF were identified by measuring the distances AC-foramen and LBM-foramen. All measurements were performed using a Mitutoyo digital Vernier calliper accurate to 0.01 mm. Descriptive statistics (mean ± ± standard deviation, minimum and maximum) were found. Correlations between the foramen existence and the side of occurrence were analysed using the Fisher's exact test. For the correlation of the symphyseal height regarding the foramen existence and the dental status, the t-test was used. The t-test was also performed for the correlation of the MLF distances according to the dental status. The Pearson correlation was used for the correlations between the genial symphysis and the distances AC-MLF and LBM-MLF. Statistical analysis was performed using SPSS Software for Windows version 21.0.
RESULTS
Ninety-five (97.2%) mandibles presented at least one foramen, while 2 (2.06%) dentate mandibles had no foramina (Fig. 3) . No mandible existed with LLF without having at least one MLF. The MLF and LLF presence is summarised Table 1 . The number of MLF ranged from 0 to 4, LLF ranged from 0 to 7 and total foramina ranged from 0 to 12. The majority of the mandibles presented 1-2 MLF and 1-3 LLF. The strong correlation existed between the right and left-sided LLF (p = 0.001), indicating either the simultaneous presence of the LLF number on both sides or their absence. No difference in the MLF and LLF presence was found in dentate and edentulous mandibles. The alveolar MLF and LLF were presented only in dentate mandibles (Fig. 3) . As regards the correlations between the foramina location at the genial symphysis, the only statistically significant correlation was found between the superior and medial to GT areas (p = 0.001), indicating the existence of a foramen exclusively at one of the two areas. Any correlation between the height of the genial symphysis and the other variables were conducted only for the MLF, as all measured distances corresponded in the same vertical level. Contrariwise, no further analysis was performed for the LLF, as they corresponded in different vertical levels. The height of the genial symphysis at the edentulous mandibles was 23.87± 5.37 mm (min: 15.56, max: 37.97), and it was statistically significantly lower (p = 0.001) compared to the dentate mandibles (32.06 ± 4.88; 21.26-43.23, respectively) mm. The mandibular height in the midline in the whole sample was 29.23± 6.37 (15.56-43.23) mm.
Mandibles that presented alveolar MLF were higher (p = 0.001) versus those that had no such foramina. The MLF did not show any correlation. An extensive statistical analysis was performed as regards the AC-MLF and LBM-MLF distances, separately for the dentate and edentulous mandibles (Tables 2, 3 ).
Since the alveolar MLF were presented only in dentate mandibles, the correlations between the two groups could not be performed and thus they were excluded from the analysis. The t-test was conducted for comparisons of the corresponding measurement between dentate and edentulous groups and all distances at the edentulous group were statistically significantly lower at the 0.01 level. The lower values of distances in edentulous mandibles indicate the bone resorption on AC and LBM. The Pearson's linear correlation was used in assessing the correlation between AC-MLF and LBM-MLF and the height of the genial symphysis (Tables 2, 3) . A positive linear correlation between the symphyseal height and the AC-MLF distance was detected in both groups. As GT -genial tubercles regards the LBM-MLF distance, the only significant correlation was found for the distances from LBM to foramina situated superior to GT. The correlations between the symphyseal height and AC-MLF are stronger compared with LBM-MLF, in both groups.
DISCUSSION
Since placement of dental implants in the anterior mandible has been widely applied, the meticulous knowledge of the foramina topography and their content is of paramount importance for dentists and maxillofacial surgeons. In our research, the presence of at least one MLF indicates that the MLF is a constant structure, similarly to other studies [13, 18, 26] . A negative correlation between the MLF presence in the areas superior and medial to GT was found, indicating that usually a single foramen exists at the level of GT and above. This finding indicating that the most frequent location of the MLF was at the level of GT and above highlights the clinical significance of the MLF location during dental implants placement [13, 23, 26] . The LLF were detected in 78.4% of the mandibles (60.8% on the right and 72.2% on the left side) in our study. The LLF occurrence presents a wide range from 30% to 76% [4, 10, 13, 23] among several studies, due to the different methodology in their topography determination. In our study, the LLF were observed at the level of GT and below, similarly to Liang et al. [13] and Przystańska and Bruska [23] . In our sample, all mandibles that presented LLF had at least one MLF. The LLF are bilateral structures [4, 23] and our findings strongly support this view. As a result, clinicians should be aware for this simultaneous existence. The diameters of the MLF range from 0.7 ± ± 0.3 mm to 1.01 ± 0.4 mm [5, 28] and these foramina lead to bony canals with a downward or an upward direction [10, 28] . The LLF are smaller than MLF, their diameters range from 0.6 ± 0.3 mm to 0.93 ± 0.31 mm [5, 28] and their bony canals run upward [10] . After tooth loss, the alveolar bone is affected by a continuous bone resorption [8, 12] . As a result, we examined separately the foramina in the alveolar process. The alveolar MLF were detected in 19.6% of the mandibles and the alveolar LLF in 23.7% on the right and 30.9% on the left side. These foramina were observed only in dentate mandibles, as during the process of the alveolar bone resorption, they reach the AC and may even be lost. The alveolar MLF and LLF are nutrient foramina, through which pass interalveolar branches from the mandibular and incisive arteries that enter the mucous membrane in the AC [3] or may contain a neurovascular bundle [1] .
Dentate mandibles differ significantly from edentulous mandibles [19] also in our investigation, particularly in the symphyseal area, as all the measured distances presented a statistically significant difference between the two groups. In dentate mandibles, the mean symphyseal height was 32.6 ± 4.88 mm, while the height in edentulous mandibles was particular lower in 23.87 ± 5.37 mm. The AC-MLF distance differed between dentate and edentulous mandibles, due to the horizontal pattern of resorption both from the labial and lingual aspects [11] . As regards the MLF in the area superior to GT, which is the most clinically significant, the AC-MLF in dentate group was 18.30 ± ± 3.97 mm, while in edentulous group was 8.74 ± ± 4.11 mm. In edentulous mandibles, the MLF in the area superior to GT was in close proximity to the AC. In addition, the LBM-MLF in edentulous mandibles was statistically significantly lower than in dentate mandibles. This result indicates that the LBM is also affected after the tooth loss. Kingsmill and Boyde [11] reported a similar finding after the investigation of the mandibular height at the mental foramen. In our study, the MLF-LBM in the area superior to GT was measured in 18.28 ± 3.20 mm in dentate group and in 16.21 ± 2.40 mm in edentulous mandibles, similarly to Yildirim et al. [29] and contrariwise to Liang et al. [13] and Rosano et al. [26] who found the distance to be 10.6 ± 5.5 mm and 12.5 ± 2.1 mm. The LLF were located more inferiorly in the mandible with a mean AC-LLF distance of 24.50 ± 4.45 mm (right-sided LLF) and 23.39 ± 5.76 mm (left-sided LLF) and a mean LLF-GT 13.60 ± 6.74 mm (right-sided LLF) and 12.39 ± 6.80 mm (left-sided LLF).
The detailed knowledge of the above distances is of immense significance considering the content of the MLF and LLF. The anterior mandible is supplied in order of frequency by the sublingual artery (branch of the lingual or the facial artery) [21] , the submental artery (branch of the facial artery) [21] or both the sublingual and submental arteries [9] . The sublingual artery is in high risk of laceration and transection when courses horizontally between the sublingual fossa and the mandible [9, 15] . The injury of the submental artery may occur when its branches enter the sublingual space perforating the mylohyoid muscle or take a roundabout course near the mandibular surface [9] . The sublingual artery enters through the lingual canal at an average height of 10.3 mm from the LBM [15] and its diameter and the average blood flow are sufficient to cause a life-threatening haemorrhage [15, 16, 26] . A non-serious endosseous bleeding may also occur after the injury of the rich intraosseous vascular plexus formed from the LF canals [25] . The surgeon intervening in the anterior mandible should be particularly cautious in cases of edentulism due to the completely different osseous morphology of the mandible [12] and its arterial pattern. The horizontal bone loss and the projection of mental tubercles lead to lingual inclination of edentulous mandible and thus the drilling angulation should be adapted [8] . The life-threatening haemorrhage in the floor of the mouth occurred in a drilling depth of ≥ 15 mm [8] and considering the close proximity of the foramina to the AC in edentulous mandibles, the implants length (especially long implants > 13 mm) should be well considered [26] . As regards the arterial pattern alterations, the tooth loss resulting in a shift from a centrifugal to a centripetal blood circulation and the preservation of involved tissues is essential in edentulous mandibles [8] . Due to the decrease of mandibular height, the mylohyoid muscle reaches the AC and the intervening surgeon apart from the arteries and structures located in the sublingual space should be alert of those below the mylohyoid muscle [8, 9] . Another complication related to the content of MLF and LLF, caused during dental implants placement, is the sensory disturbances. This complication occurs after direct (perforation through the bony canal) or indirect (pressure by a haematoma) trauma, and/or after chronic stimulation (implant malposition and nerve stimulation) [14] . The above complications may be avoided if a preoperative diagnostic control is performed using the cone-beam computed tomography scan [20] and Doppler sonography [16] .
Finally, a finding of our study is that the mandibles with alveolar MLF were higher versus those that had no such foramina. A possible explanation is that the dentate group included mandibles with a complete anterior and incomplete posterior dentition and thus a grade of resorption may have existed. As regards the results of Pearson correlation, we concluded that even though resorption existed at the LBM, this resorption was of a lower grade compared with the obvious atrophy at the AC.
CONCLUSIONS
In conclusion, the MLF and LLF are constant structures for dentate and edentulous mandibles. The alveolar foramina presented only in dentate mandibles. The location of MLF and LLF is directly affected by the dental status and in edentulous mandibles the MLF and LLF almost reach the AC. Possible intraoperative complications may occur and particularly edentulous patients are in higher risk.
